In this work we present a scenario in which a nonstandard interaction in neutrino propagation can explain the three major tensions in the neutrino oscillation data at present. These tensions are: (i) a non-zero best-fit value of the non-standard oscillation parameters in the the global analysis of the solar and KamLAND data which rules out the standard oscillation scenario at 90% C.L, (ii) the measurement of the non-maximal value of θ23 by NOνA which excludes the maximal mixing at 2.5σ C.L. and (iii) a discrepancy in the θ13 measurement by T2K which has a tension with the reactor best-fit value of sin 2 θ13 = 0.021 at 90% C.L. Our results show that all these three above mentioned anomalies can be explained if one assumes the existence of the non-standard interactions in neutrino propagation with θ23 = 45
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Neutrino oscillation experiments have been successful in determination of the three mixing angles (θ 12 , θ 13 and θ 23 ) and the two mass squared differences (∆m < 0), the precise value of the mixing angle θ 23 and the Dirac CP phase δ CP . There are many future experiments planned to determine these unknown quantities. In the mean time, a few tensions in neutrino experiments have been reported recently. They are: (i) the tension between the mass squared differences by the solar and KamLAND data [1] which gives a non-zero best-fit value of the non standard interaction parameters ǫ D and ǫ N . This rules out the standard oscillation scenario at 90% C.L, (ii) the tension between the T2K and NOνA experiments regarding the measurement of the mixing angle θ 23 [2, 3] and (iii) the tension in the measurement of the mixing angle θ 13 by the reactor and T2K experiments [4, 5] . 1 In Table. I we summarize the recent data of T2K and NOνA . According to Ref. [4] , T2K has observed a total of 28 events in the appearance channel and 120 events in the disappearance channel with a total POT (protons on target) of 6.6 × 10 20 in the neutrino mode 2 . On the other hand NOνA has seen 33 events in the appearance mode and 78 events in the disappearance mode with an exposure of 6.05 × 10 20 POT in the neutrino mode [3] . From Table I , the tension between the T2K and NOνA data are clearly visible. Regarding θ 13 , T2K does its own fit and the best-fit value is much higher than reactor best fit which is sin 2 θ 13 = 0.021. For θ 23 , T2K data predicts maximal mixing. On the other hand NOνA uses the reactor best-fit value for fitting and it excludes maximal mixing for θ 23 at 2.5σ C.L. and gives a best-fit of sin 2 θ 23 = 0.4. The latest measurement by Daya Bay [5] gives sin 2 θ 13 = 0.021 and this lies within 90%CL of the T2K allowed region (See Fig. 31 of Ref. [4] ). Although this may not be called a tension at present, if this trend persists as the statistics increases, the discrepancy between the mixing angles θ 13 by the reactor and T2K experiments should be taken seriously in future. 2 The recent update of the T2K data can be found in Ref. [6] . As the details of the fit are not available yet we take the latest published results for our analysis.
In this Letter we look for a scenario which solves all these three tensions by introducing a flavor-dependent neutral current Non-Standard Interaction (NSI) in neutrino propagation [7] [8] [9] [10] [11] 3 . The purpose of our work is not to exhaust the whole parameter space but to show the existence of a new solution.
The NSI which we discuss here is described by the effective Lagrangian
where f P stands for fermions with chirality P and ǫ f P αβ is a dimensionless constant which is normalized by the Fermi coupling constant G F . In the presence of this NSI, the neutrino evolution is governed by the Dirac equation:
where
A ≡ √ 2G F N e , U is the leptonic mixing matrix, ∆m
Expt We defined the new NSI parameters as ǫ
αβ since the matter effect is sensitive only to the coherent scattering and only to the vector part in the interaction, and N f (f = e, u, d) stands for the number densities of fermions f .
To discuss the effect of NSI on solar neutrinos, the 3 × 3 Hamiltonian in the Dirac equation Eq. (2) 
where ǫ 
and c jk ≡ cos θ jk , s jk ≡ sin θ jk . In the analysis of Ref. [1] , one particular choice of f = u or f = d was taken at a time because of the nontrivial composition profile of the Sun, and it was found that the best fit values are (ǫ In this work we look for a scenario with NSI which gives a good fit to the solar and KamLAND data, the NOνA data and the T2K data. For our analysis we use the GLoBES [13] and MonteCUBES [14] softwares. For our fit we will assume that the mixing angle θ 23 in vacuum is maximal, i.e., θ 23 = 45
• 4 and the mixing angle θ 13 in vacuum is given by the reactor data, i.e., sin 2 θ 13 = 0.021. We will do our analysis in the (ǫ 
As we can see from Eqs. (6) and (7), the mapping ǫ
is not one to one, and in general it is difficult to obtain the possible region for the ǫ αβ parameters analytically. Here, instead of exhausting all the possible regions for ǫ αβ , we postulate the following: 
Furthermore, for simplicity, we postulate Im (s • , and following the bound from the high energy atmospheric neutrino data, we take [16, 17] 
Another constraint comes from the atmospheric neutrino data, and the following must be satisfied: [18] ǫ eτ 1 + ǫ ee 0.8 at 2.5σCL .
Finally, we put ǫ µµ = 0 because we can always redefine ǫ ee − ǫ µµ → ǫ ee and ǫ τ τ − ǫ µµ → ǫ τ τ . From these assumptions and Eqs. (8), (9), (10), (11), (12), (13) and (14), after putting θ 23 = 45
• , we get the following expressions: 
Note that in all the best fit solutions from the solar+KamLAND analysis, both ǫ ansatz we have arg(ǫ eτ )=0 from Eq. (15), and arg(ǫ eµ ) = π − δ CP from Eq. (17).
Although our ansatz gives us only a special solution to Eqs. (6) and (7), it covers some of the whole solution space in the following way. We have verified that the appearance probability P (ν µ → ν e ) for NOνA and T2K is not very sensitive to the small parameters ǫ eµ and ǫ µτ . So even if we vary the ǫ αβ in general, the behavior of the fit is not expected to be very much different from what is obtained by our ansatz.
Thus we obtained the values for the ǫ αβ parameters which depend on one free parameter δ CP . As we mentioned earlier there are four best-fit points (ǫ sol ) for the solar data. For our fit we calculated the χ 2 at each solar best-fit point for T2K and NOνA assuming θ fit 23 = 45
• and sin 2 θ fit 13 = 0.021 using the following formula:
where for 'data' we take the numbers as given in Table. I. In the analysis, we introduce the prior for ǫ eµ and ǫ µτ :
where the bound for each parameter at 90%CL was taken from Ref. [19] . In the combined analysis, we evaluate the total χ 2 given by
for all the values of δ CP and plot in Fig. 1 for both the hierarchies. In Eq. (21) we approximated χ
, where χ 2 (ǫ D ) and χ 2 (ǫ N ) are χ 2 obtained from the solar+KamLAND data in Ref. [1] . Obviously for the solar+KamLAND best-fit points, χ 2 solar+KL = 0, while for the global best-fit points, χ 2 solar+KL = 0.1. The latter was estimated from the Figure. 2 of Ref. [1] . To estimate the goodness of fit, we compare our χ 2 with χ 2 std , i.e., the standard case. By χ 2 std we mean the value of χ 2 at (θ implies that a nonstandard interaction at the solar best-fit point gives a better fit as compared to the standard case. Thus we found a new solution (the best-fit point of the global analysis of the solar+kamLAND data) with NSI which solves all the three neutrino tensions. Whereas in IH, a scenario with NSI in any region of δ CP does not give χ 2 which is smaller than the minimum χ 2 in the standard case. From the plot we also see that in the case of NH, δ CP ≃ 255
• is the most preferred value of δ CP which gives the best fit with NSI. In Table II we give the values for ǫ αβ corresponding to the global-u best-fit point of the solar data at δ CP = 255
• . For our information, in Fig.  2 we give the allowed region in the (ǫ D , ǫ N ) plane for NOνA and T2K at δ CP = 255
• in the case of NH. As mentioned earlier, since ǫ f N (ǫ eµ ) has a phase (−1) (0) in all the best-fit solutions from the solar+KamLAND analysis, we performed our analysis only for ǫ f N < 0. For the solar+KamLAND we give just the best-fit points. From these plots we identify the allowed region which is consistent with all the three anomalies under discussion. For NH we see that the global best-fit of the solar data is consistent with the NOνA and T2K data within 2σ confidence regions.
In summary we found a scenario which explains the tension of the mass squared differences of the solar and KamLAND data, the one of mixing angles θ 23 of the T2K and NOνA data, and the discrepancy of θ 13 of the reactor and T2K data. In our analysis we found that the goodness of fit for the NSI scenario is better for all the values of δ CP in NH as compared to the standard case and that δ CP ≃ 255
• give a bet-fit among others. For IH the NSI does not give a better fit. In this scenario, the three tensions give a constraint on the phase of ǫ eτ as zero and the most favorable value of the Dirac CP phase is ≃ 255
• . To be conclusive, we need more statistics of the T2K and NOνA experiments. If the best fit values for θ 23 at both the T2K and NOνA experiments or the best fit values for θ 13 of the reactor and T2K data remain the same as the statistics increases, then the present scenario with NSI will give a better fit to the data. It should be pointed out that the solar neutrino observation at the Hyperkamokande experiment is expected to test the tension between the solar and KamLAND data by the day night effect [20] , and also that the atmospheric neutrino observation at the Hyperkamokande experiment is expected to test this NSI scenario by the matter effect in the multi-GeV energy range. [21] Towards the completion of this work, we became aware of Ref. [22] , which discussed part of the ideas in our paper from a different point of view.
